We analyse UK monetary policy using monthly data for 1992-2010. We have two main findings. First, the Taylor rule breaks down after 2007 as the estimated response to inflation falls markedly and becomes insignificant. Second, policy is best described as a weighted average of a "financial crisis" regime in which policy rates respond strongly to financial stress and a "no-crisis" Taylor rule regime. Our analysis provides a clear explanation for the deep cuts in policy rates beginning in late 2008 and highlights the dilemma faced by policymakers in 2010-11.
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Introduction
The global economic crisis that began in 2007 has presented a series of severe challenges to monetary policy. Deep and rapid reductions in output opened up an output gap of over 5% in many countries. Profound shocks to the financial system disrupted the transmission mechanism linking monetary policy to the real economy and created fears for the stability of the system. Objections have been raised to low and stable inflation being the main aim of monetary policy and dissatisfaction has been expressed with the New Keynesian and DSGE models that provided the theoretical underpinning for that aim. In this context, it would not be surprising if the behaviour of policymakers had changed during the crisis. This paper explores the interest rate setting behaviour of monetary policymakers in the UK using monthly data for the period 1992-2010. We have two main findings. First, although policymaking can be described using a simple Taylor rule in the period before the 2007 financial crisis, the Taylor rule then breaks down.
The estimated response of the policy rate to inflation falls markedly and becomes insignificant, while the estimated response to the output gap is sharply reduced. Second, policy rates over the period from 1992 can best be described as a weighted average of two regimes, a "financial crisis" regime and a "no-crisis" regime, where the weights on these regimes reflect the probability of a financial crisis. The no-crisis regime is a conventional Taylor rule, whereas the financial crisis regime has a reduced response to the output gap, a strong response to measures of financial stress but no response to inflation.
This model gives a plausible account of UK monetary policy. The no-crisis regime is dominant in 1992-2007, explaining the success of the Taylor rule over that period. But the onset of the major financial crisis in 2007 led to a marked change: 2 the policy rate ceased to respond to inflation and the weight on the output gap fell as financial stress became the dominant influence on UK monetary policy. On this account, the sharp fall in interest rates beginning in late 2008 reflected difficulties in financial markets and the urgent need for policy measures to respond to the crisis.
The rapid fall in the policy rate occurred despite inflation being above target and exceeding 3% for much of the crisis period; in our view, this explains the failure of the Taylor rule after 2007. This account also highlights the dilemma facing policymakers in early 2010. The no-crisis regime increasingly pointed to higher policy rates through early 2010 to the end of our sample in July, driven by persistently high rates of inflation. By contrast, our measure of financial stress pointed to a continuation of the financial crisis and so argued for a continuation of the policy of exceptionally low interest rates.
The paper is structured as follows. In section 2, we estimate a simple Taylor rule representation of monetary policy. We show that estimates of this model using a sample that ends in 2007 conform to expectations with a response to inflation in excess of unity and a strong response to the output gap. Estimates that use the full sample that ends in 2010 are very different. Although the crisis period represents less than 20% of the sample, the estimate on inflation becomes insignificant and the point estimate is negative. The response to output remains significant but is more than halved. We detect a structural break around the time the crisis began.
In section 3, we investigate whether the addition of measures of financial stress to a Taylor rule gives more satisfactory estimates. Some writers, most prominently Curdia and Woodford (2009) , have suggested that including the determinants of credit spreads in a policy rule may be optimal in the presence of financial frictions. We use two measures of financial stress as determinants of credit 3 spreads. Our first measure is a composite index of financial stress compiled by the IMF, providing a broad spectrum measure of stress across money, foreign exchange and equity markets in the UK. Given that the recent crisis originated in the US, our second measure is the US Financial Stress Index provided by the Federal Reserve Bank of Kansas City.
1 We find that inclusion of these measures in a Taylor rule does not give satisfactory estimates. We continue to detect a structural break and still observe a marked reduction in the estimated response to inflation after 2007. From this we conclude that no model with a constant response of interest rates to inflation, the output gap and financial stress can explain UK monetary policy over 1992-2010.
This evidence suggests that models of monetary policy must allow for changes in the behaviour of policymakers. Accordingly in section 4, we develop a model in which the policy rate is a weighted average of two alternative policy regimes and where the weight of these regimes reflects the probability of a financial crisis. We find that this model provides a satisfactory explanation of UK monetary policy and that the estimates are econometrically superior to those of the constant parameter policy rules considered above. We find a strong response to inflation in the no-crisis regime but no response in the financial crisis regime. Our estimates suggest a strong response to the output gap in the no-crisis regime and a much weaker response in a crisis. We find a strong response to measures of financial stress in the crisis regime but none in the no-crisis regime. Section 5 concludes the paper.
Taylor Rules and the Financial Crisis
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In this section we present evidence on a Taylor (1993)-type rule model of monetary policy using monthly data for the period 1992M10-2010M7. Following the literature on empirical policy rules we use a simple partial adjustment process to capture interest rate dynamics:
(1) 1( 1 )
Where i is the nominal policy rate and î is the desired steady-state nominal policy rate. We assume the steady-state policy rate is set with reference to expected inflation and output gaps one period ahead 2 . The appropriate mapping from a time period in a theoretical model to a real-world time interval is unclear, but we follow convention in interpreting a time period in the underlying theoretical model as representing three calendar months. We therefore assume that policymakers respond to forecasts of inflation and the output gap over the coming quarter, giving
where i is the equilibrium nominal policy rate, assumed constant, ()
is the inflation gap, the difference between the targeted rate of inflation and the inflation target and y is the output gap. The assumption of a 3-month horizon makes our specification similar to models estimated on quarterly data in which policymakers react to expected inflation and output in the next period. Combining (1)-(2), our empirical model is (3)
where  is an error term. These estimates are in marked contrast to estimates of Taylor rules using data from before 2007, which generally find a response to inflation in excess of unity.
One prominent explanation of this change is a shift in UK monetary policy to reflect a lesser emphasis on inflation. This is consistent with the most dramatic movements in interest rates in more than a generation, the rapid and deep cuts in late 2008, occurring when inflation was above target. The remainder of Table 1 explores this possible explanation in more detail. Column (ii) presents GMM estimates of (3) using monthly data for 1992M10 to 2007M4, terminating our sample at the break point detected in column (i). Comparing columns (i) and (ii), the estimated response to inflation in the pre-2007 period is much higher and satisfies the Taylor principle.
The response to output is also stronger in the pre-2007 period, but there is no significant change in the equilibrium nominal interest rate or the degree of interest rate smoothing. There is no evidence of a structural break in this sample. These 5 Alternative lag lengths were considered; 4 lags gave the lowest value of the J-test 6 The finding of a single structural break may be questionable. Since the Quandt-Andrews test has been found to be unreliable at the extremes of the sample, it is usual to trim 15% of observations from the start and end of the sample. This trimming excludes the period from September 2008 when the financial crisis entered its most intense phase. We also ran the Quandt-Andrews test with trimming rate of 5%; in this case two structural breaks were detected, in October 2008, and again in April 2007.
There are too few observations on the post-Lehmann period in our sample to permit estimation of a separate policy rule for this period.
estimates are consistent with other policy rule estimated for the pre-2007 period (e.g. Milas, 2004, Mihailov, 2005) .
Column (iii) of Table 1 presents GMM estimates of (3) Table 1 are robust to alternative dates for the change in monetary policy. Intuitively, since aggregate demand depends on private sector borrowing rates, a widening of spreads between these and policy rates implies a lower policy rate is required to deliver desired output and inflation rates. Since the financial crisis saw a dramatic widening in credit spreads, exclusion of the determinants of these credit spreads from (3) may explain the poor performance of the estimated Taylor rules in Table 1 .
Augmented Taylor Rules
Incorporation of credit spreads implies an augmented policy rule of the form (4)
where  are factors that reflect credit spreads. We use two alternative measures for this. Our first measure is the IMF index of financial stress in the UK (Balakrishnan et al, 2009 ). This index is a composite of the TED, term and corporate debt spreads, returns and volatility in equity markets and exchange rate volatility, providing a broader measure of stress in the financial sector than the other two measures. Our second measure is the Federal Reserve Bank of Kansas City
Financial Stress Index (see Hakkio and Keeton, 2009) 8 . These measures are shown in Figure 2 . These alternative measures of financial stress follow a similar pattern.
7 In other models, optimal policy rates also reflect factors relevant to the external finance premium (such as the cost of monitoring loans). Estimates of (4) for the whole period are reported in panel A) of Table 2 10 .
Although estimates of   are all significant and correctly-signed, the model is not successful. Estimates of   are broadly similar to those in Table 1 , with only one significant response to inflation and none exceeding unity and a structural break is detected in both specifications 11 . Panels B) and C) present estimates of (4) Table 2 emphasises this point by presenting estimates of (4) that exclude the inflation term 12 .
A Switching Monetary Policy Rule
From Tables 1 and 2 , it is clear that any plausible account of UK monetary policy since 1992 must allow for structural breaks and parameter change. Based on the estimates in Tables 1 and 2 , one might assume that policymakers followed a conventional Taylor rule from 1992-2007 but then switched to an alternative linear policy rule that includes financial stress but not inflation. This implies the model (5a)
for 1992-2007 and (5b)
thereafter. This simple model separates the data into a "no-crisis" sample running (
c and nc denote the crisis and no-crisis policy regimes respectively. We model the probability of a crisis as
In (6), the policy rule is a weighted average of crisis and no-crisis policy regimes, each similar to (4) above, where the weight on these alternative policy rules is the probability of there being a financial crisis. This probability is modelled as a logistic function in (7), where 0  is the threshold value of  above which a crisis is triggered.
The model in (6)-(7) has a number of advantages when compared to the model in (5). First, it is a more general model; (6) simplifies to (5) if The model in (6)- (7) is prompted by the econometric estimates above.
However there are several theoretical arguments that suggest that switches in policymaking in response to a financial crisis might be optimal 13 . Cecchetti and Li (2008) analyse a model with capital adequacy requirements in the financial sector.
They show that the optimal policy rule switches between alternative Taylor rules depending on whether this constraint binds. Cohen-Cole and Marinez-Garcia (2008) embed this analysis within a DSGE framework and confirm the state-dependent nature of the monetary policy rule. Interestingly, they find that the optimal TaylorRule weight on inflation is negative in a financial crisis and that the optimal response to output is lower in this regime; both these features are apparent in our estimates. Bauducco et al (2008) propose a switching policy rule in response to a financial crisis in which policymakers follow a Taylor rule similar to (1) above unless the rate at which firms become bankrupt exceeds a threshold value, in which case policymakers switch to an augmented Taylor rule in which the unexpected increase in the rate of bankruptcy is added to the policy rule. In the context of an articulated DSGE model, they argue that this switching rule returns the economy to equilibrium 13 Evidence from Threshold VAR models (eg Li and St-Amant, 2010) finds a differing response of output and inflation gaps to shocks when there is a financial crisis. Since nonlinearities in macroeconomic relationships imply a nonlinear optimal monetary policy rule, this also suggests that a policy rule such as (6) may be optimal.
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faster than if the simple Taylor rule is always used. The switching rule allows policymakers to stabilise the volatility of future inflation and output, trading this off against increased volatility in the short-term. This analysis is similar in spirit to Bean (2004) , who develops a DSGE-based model in which financial crises act as a negative shock to total factor productivity and where the size of the shock is greater if the level of outstanding debt is higher 14 .
Freixas et al (2010) argue that policymakers should reduce interest rates following an adverse shock to liquidity in the inter-bank market and that "a failure to cut interest rates during a crisis erodes financial stability by increasing the risk of banks runs". This argument for a switch in policy in response to a crisis in the interbank market is clearly relevant to the UK, where these markets were severely After initial experimentation with a full specification, we were able to impose a series of restrictions that increased the precision of our estimates. We imposed: (a) 14 It is also consistent with the observation that "an aggressive easing of policy is optimal in response to adverse financial market shocks" in these models (de Fiore and Tristani, 2008 These restrictions are broadly consistent with the estimates in Tables 1 and 2   16 . (6) then simplifies to
Estimates of (7)-(8) are presented in Table 3 . Column (i) presents estimates of (7) and (8) using the composite IMF index of financial stress, while column (ii) has estimates using the Kansas City index. The flexibility offered by this model is reflected in a superior econometric performance. Each of the specifications in Table   3 ) outperform their counterparts in Panel A) of Table 2 in that they have a closer fit to the data and do not fail the test for parameter stability. The parameter estimates of the no-crisis regime are sensible. The estimated response to inflation satisfies the Taylor principle. The estimated responses to output are both significant and exceed 16 We also follow Granger and Teräsvirta (1993) and Teräsvirta (1994) The implications of our estimates are shown in Figure 3 which compares the actual policy rate with the counterfactual policy rates implied by the crisis and nocrisis regimes, using the estimates from column (ii) of Table 3) 18 . Our estimates 17 Baxa et al (2011) find that a number of Central Banks (including the Bank of England) respond to the IMF Financial Stress Index in a policy rule model where the response coefficients to inflation, output, and the financial index follow a random walk process.
18 Given by Tables 1   and 2 . The moments of the implied policy rates from the crisis regime are a better match to the moments of the actual policy rate than those of the no-crisis regime: the actual policy rate has a mean of 2.93% and standard deviation of 2.36, compared to 2.98% and 2.32% for the crisis regime and 3.26% and 2.41% for the no-crisis regime. However these differences in moments between regimes are not statistically significant.
Our estimates highlight the policy dilemma facing UK policymakers in early 2010, when both stress indices fluctuate close to their estimated threshold values, on the cusp between high-and low-stress states. This may help explain apparent disagreements within the MPC at this time with one member advocating a higher policy rates but another arguing for an extension to Quantitative Easing.
Conclusions
This paper explores the interest rate setting behaviour of monetary policymakers in the UK over the period 1992-2010. We have two main findings. First, although interest rate setting behaviour can be described by a simple Taylor rule in the period before 2007, the Taylor rule then breaks down. Second, policy rates over the period from 1992 are best captured using as a nonlinear model in which policy switches between a no-crisis regime that resembles a simple Taylor rule and a crisis-regime in which there is not response to inflation but instead a powerful response to financial stress.
Our estimates raise the question of whether UK policymakers "abandoned" inflation targeting during the financial crisis. Although our estimates are suggestive, our model is not able to address that issue. Changes in the coefficients of a monetary policy rule can be due to a change in policymakers' preferences or from a change in macroeconomic structure described by captured by aggregate demand and supply relationships. Although our results suggest there was a change in the monetary policy rule during the financial crisis, they tell us nothing about the causes of that change. Assessment of this requires joint estimation and analysis of aggregate demand and supply relationships alongside a monetary policy rule. That is a topic for future research. ( Implied crisis regime rate Implied no-crisis regime rate UK policy rate
